RESISTANCE OF RHABDITIS TO ACIDS. 
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As is well known, AtiguiUida aceti ii\'cs in vinegcr and is hig^hly 
resistant to acetic acid. Hennebcr^'^ (f) has shown that this 
nematode can li\e in 13.5 per cent, acetic acid. Abbott and 
Richards ha\e reported th.it it can li\e for more than 24 hours in 
Tellyesni('k\’*s fluid, and for three or four hours in Gilson’s fluid. 

'file writer intended to see in the first place whether other 
free-li\intt nem.itodes, which do not come in contact with acids 
in their natural life, were resist.int p.irticularly to acetic acid as 
well as other .irid>. I'or this purpose Rhabditis was chosen. 

In the course of the work it w.is found that Rhabditis is more 
resistant than the tadpole, Daphnia, Aidosoaui, and Paraaiccium 
not onl\' to \'arious kinds of .a id-*, but to other toxic sul)stances 
as well, 'flu* cuticle with which nem.it(jdes are co\ered is known 
to be (omposed of a \'er\- ri*si>t.int substance; experiments, 
therefore, were tried to determine whether or not the cuticle is 
responsible for this resistani e, the worms, injured and uninjured, 
beinti stained in solutions of neuir.d red .ind of metlulene blue. 
I'his work was bettun at the suj.j:ttestion of Dr. M. 11 . J.iccjbs, 
whom the writer wishes to thank for \ahi.ible acK ice. 

Adult herm.i()hrodiles of Rhabditis dedans and tadpoles about 
10 mm. lontt and with external gills were used. R, elegatis is 
found in deca\ed m.itter and is easih* culti\aled in a ()eptone 
solution. Every experiment was repeated at least twice, and 
14 to 30 indi\iduals were used for each experiment. The tem¬ 
perature at which ex[)eriments were done \ aried from 21® C. to 
26® C. 

.\s shown in Table I., Rhabditis is the most resistant to various 
kinds of acids. It might be noted that it can live about two hours 
in N 30 acetic acid, while Daphuia, the form next in order of 
resistance, can live only about an hour and a quarter in X'loo 
acetic acid. From the results of the experiments given in the 
table we notice, howe\*er, that Rhabditis is not particularly 
resistant to acetic acid as compared with other acids. 
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TABLE I. 


Average Time in Minutes Required to Cause Cessation of All Movements. 



Rhab- 

dilis. 

Para¬ 
mecin m. 

Aelo- 

so7na. 

Daphnia. 

Tadpole. 

HCl, xNVioo . 

60 

<1 

<i 

23 

12 

HCl, Kiso . 

17 

<i 

<i 

9 

7 

Acetic acid, X/io. 

23 

<i 

<i 

6 

— 

Butvric acid, X 10. 

13 

<i 

<i 

— 

<i 

Salicvlic acid, X/ioo. 

26 

<i 

<i 

13 

— 


Is this resistance of Rhabditis due to a mechanical reason or to 
the abilit)' of the animal to neutralize acids? The results of the 
experiments with toxic substances (Table If.) seem to show that 
the first is the case, since Rhabditis is the most resistant of the 
five forms studied not only to acids, but to the other toxic sub¬ 
stances as well. If this presumption is correct, the cuticle with 
which Rhabditis is covered ma\' l)e suj)posed to prevent the pene¬ 
tration of the toxic substances. 

TABLh: II. 


Average Time in Mi.nutes Required to Cause Cessation of All Movements. 



Rhabditis. 

Paramecium. 

.Aelosoma. 

Daphnia. 

T ad pole. 

XaOII X/40 
ICther 5 per 

38 

After 10 all 

<i 

<i 

.After 10 none 

2 

After 10 none 

cent. 

IlfiCb 0.05 

revived 

<i 

<i 

revived 

revived 

per cent. . . 

60 

<i 

<i 

25 

5 


W’e notic e in these tables that Rhabditis is about 2.5 times as 
resistant to X/40 XaOII, 0.05 per cent, mercuric chloride and 
X 100 1 K'l than is Daphnia, the next most resistant form. Tad- 
poles died more quickly in X/20 XaOH than in X 20 HCl. As 
shown in Table II., tadpoles died in 2 minutes in X^ 40 XaOll, 
w hile the\Mlied in about 4 minutes in X 30 I K'l. 'This is probablx' 
due to the fact that the acid coai^ulales the body j^iroteins as it 
penetrat(‘S, while* the XaOII dissoKes them, 'fadixiles, which 
were placed in the 5 jH'r cent, solution of ether for 5 minutes, 
re\’i\*ed though they were in a \'er\ bad condition. Xone of the 
Rhabdites re\i\’ed after placing them 30 minutes in the solutiem 
of ether. 

In order to stuch' the i)enetration of an intra-\’ilam slain, some 
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Rhabdites wore placed in a small quantity of neutral red solution 
on a slide, and were ohser\'ed under a microscope. The stain 
entered throug:h the mouth, and soaked out through the wall of 
the esoi)hagus. In one worm the stain entered through the anus, 
but only a small region of the posterior part of the body was 
stained. 

A solution of neutral red, which stained dead worms deeph', 
stained living w'orrns onh* fainilv-; a ^trofig solution, therefore, 
was used. Staining for 2.5 hours in such a strong solution, 
the anterior part of the body a> faras the second bulb was 
deeply stained, but in the remaining part the intestine only 
was colored. 1'he intestine was stained less deeply than the 
anierif)r regions of the bod\’, and the slain became progressively 
lighter toward the pcjslerior end. 'Phis seems to show that the 
stain entered ihnnigh the mouth, but not through the cuticle 
nor through the anus. After staining for 20 hours the worms were 
still alive, .ind the .interior regions a little bev ond the bulb’of 
the esophagus were deeplv' st.lined. In the rein.lining part the 
intestine onlv* w.is colored, .md its jiosieriijr regions were st.lined 
less deejiK* than its anterior regions. 

Such stained worm^ were placed in a weak solution of .\aOH, 
and then the alkali entered through the mouth, and proceeded 
towards the interior. In .iboul 20 minutes the portion of the 
body as far as the second bulb bec.ime v ellow, but the t'h.mge in 
color did not go further. Later a rapid dilTusion of XaOII from 
the posterior end anteriorlv* was observ'ed, and thus the entire 
body of the worm changed to vellow; the alkali seemed to enter 
through the anus. In another worm the change in colour i)ro- 
ceeded anteriorly starting from the anus. 

d'o show dehnitelv' that the cuticle prevents the entrance of 
the stain and the XaOM, the posterior regions of some worms 
were cut olT. Then the stain entered through the mouth and the 
cut end. Such worms were, therefore, stained in toto for 4 
hours, and at the end of this time they were still alive. Contrary 
to the case of uninjured W'orms the change in color carried by 
NaOn began at both ends, and proceeded faster anteriorly from 
the cut end th.an from the mouth. In about one hour and three 
quarters the change in color has been completed in such injured 
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As in the case of neutral red, methylene blue entered through 
the mouth, and in no case penetrated through the cuticle. To 
stain the entire bod\’ of Rhabditis a strong solution was used 
for the same reason which has been stated in the case of neutral 
red. After staining 24 hours, some worms were still ali\'e, but 
others were dead, ddie anterior part of the li\ ing worms as far 
as the second bull) was deeply stained, but the remaining ])art 
was lighter in colour. 

Such stained worms were placed in 83 per cent, alcohol. The 
disappearance of the color began at the anterior end. The 
worms soon died in the alcohol, and the latter then entered 
through the anus. As far as the second bulb of the esophagus or 
a little bcA'ond it, the disapj)earance of the color was due to the 
alcohol which entered through the mouth; in the remaining 
regions to that which entered through the anus. A small region 
of the anterior part of the intestine still remained stained after 
one hour in alcohol. In one worm I observed that the posterior 
di>'ision of the hermaphrodite reproductive organs was still 
stained, while the posterior region of the intestine which is found 
beside them was already reduced in color. 

As in the case of neutral red, in some worms whose posterior 
ends had been cut off, the stain and alcohol entered tlirough the 
mouth and the cut end. 


SU-MMARY. 

1. Anguillnla aceti is highly resistant to acetic acid. To see 
what is the case in other free-li\ang nematodes Rhabditis elegaas 
was used, and it was found that Rhabditis is much more resistant 
not onh^ to x'arious kinds of a('ids, l)ut to other toxic substances 
also, as compared with the tadpole, Daphnia, Aclosonia and 
Para nice i uni. 

2. When animals were stained in neutral red and in melln lene 
blue, no case in which the stain entered through the cuticle was 
obseiA’cd. 

3. 'File entrance of Xat)ll and alcohol through thi‘ culic'le 
also could not be ol)ser\’ed. 

4. 'File stains, XaOlI and alcohol entered through the mouth, 
and when the anus and \ail\’a w'ere opened, entered through them 
as w'(‘ll. 
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5. In the case of worms whose posterior ends had been cut otT 
these substances in question entered through the cut end, 
well as the mouth. 

6. The conclusion to be drawn from these re>ults seems to he 
that the impermeability of the cuticle i> n‘sponsible for the re¬ 
sistance of Rhahditis. 
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